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People living in the Tropics: ~40% (2019) to 60% (2060)

Cooling degree days — Rodell et al - www.energy-a.eu



How satisfied are you with the temperature of your workspace!?

~10%

~59%

Cheung et al 2019 Ongoing work

B Very satisfied
Satisfied
Somewhat satisfied
Neither satisfied nor diss:
Somewhat dissatisfied
M Dissatisfied
. Very dissatisfied




Energy savings and inexpensive

100 - 1500 W
Thousands $

——

2-30 W
Hundreds $



Saving energy: Simulations
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Schiavon & Melikov 2008 Energy and Buildings - Hoyt et al. 2015 Building and Environment.
Duarte, Raftery, Schiavon 2017 Energy Technology and Rim, Schiavon, Nazaroff 2015 PLOS ONE



Energy savings: Measured in real building
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Miller, Raftery et al. 2019 Ongoing research




People want it: Air movement preference

Across all comfort conditions For occupants who feel ‘slightly warm’
N=35,000 N=6,400

From ASHRAE Global Thermal Comfort Database |l Source: CBE



Source: Aeratron



Conventional operation
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Conventional operation
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‘Fans first’ staged cooling with fans and AC
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‘Fans first’ staged cooling with fans and AC
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‘Fans first’ staged cooling with fans and AC
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‘Fans first’ staged cooling with fans and AC
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Why challenging?

Technical Regulatory Cultural

ANSUASHRAE Standard 55.2013

(Supersedes ANSUASHRAE Staderd $5-2010)
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Cooling fan efficiency index (now included in ASHRAE 216)
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Schiavon & Melikov 2009 HVAC&R Research Photo source: Aeratron and Dyson
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Diameter (m), Fan typ

24 7o — 1.5, TypeD — 2.4

k9 —— 2.1, TypeE —— 3,1
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Example showing tests where diameter changes
and other factors remain as similar as practically fee

5 (of 78) tests shown including one replication (Type
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Raftery et al. 2019 Building and Environment



DC motors better than AC
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Fan motor type

Yang, Schiavon, Sekhar, Cheong, Tham, Nazaroff 2014 Building and Environment



Ankle draft risk model (added to ASHRAE 55)
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Personally controlled fan in Singapore

. Unacceptable thermal environment

. Acceptable thermal environment (percent satisfied)
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BOSCH field study
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Tracking fan using geofence and camera-based indoor localization
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Source: Aeratron




3qu 3?8\

! 1 . Optimized
; Gain " fans speed Optimal
; — ; Linear Hing. P . air speed V.
1 | Calibration |matrix, K . setting, Pop: | Electric P op
: Process > Programming " Fans
! Optimizer
i 7 i \
| 306 5 320
Sensed i 2 Desired i
temperature ' ' | PMV-SET air speed, V4 304 1
= I
| Model !
1 |
I e e o e e o |
= - §- Y a :I. .
302
A '
I Acceptable thermal environment (percent satisfied) D
Overall thermal sensation [l Unacceptable thermal environment "Q wiwj ! 'Qg a
| 1 of I
Al 5 | & Sesggcess® |
- 30+ | @ ‘!'WGJ!m(’ ]|
; e “20glgoc®?® |
* 25 . & Sl A® ! ‘
2 @a !ﬁ;g\! e ]
i = g | ﬁ /‘!.‘ :'V‘*!\ | g7 e .
! s i ] § Ak ——HoBo1
: L .g | + !‘,!\jﬁ\ im!ﬁ’ 10@ : € s e e
i “g ¥ ! 1 !!!J!\ ;LQ(-}‘ g T R s HOBO4
S—d : ’ I===] =
S 10 - . Occupied @ HOBO /Survew suney 2
! ' 2, &
‘ """ T 4/9/15 14:50 4/8/15 15:10 4/9/15 15:30
57 Begin Survey 1 Survey 2
i No control provided L Control provided l
T T 0
Initial Optimized Initial Optimized 0 min Sedentary 50 min Sedentary 90 min

US provisional patent No. 62/307,223 Schiavon, Ho, Ling, Liu, Yin. Figure top right: DPR HQ, Phoenix AZ



Update standards: ASHRAE Standard 55

AMNSHASHRAE Standard 55-2017

(Superseces AMSUASHRAE Smandard 55-2003)
Includies AMNSUASHRAE addenda Ested in Appendix N

Thermal Environmental
Conditions for
Human Occupancy
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CBE Thermal Comfort Tool ASHRAE-55 EN-15251 Compare Ranges Upload

Select method: PMV method . v Complies with ASHRAE Standard 55-2013
Air temperature PMV -0.13
25 “lec Use operative temperature PPD 5%
Sensation MNeutral
Mean radiant temperature SET 24.5°C
25 . °C
Air spaad . Psychrometric chart (air temperature) hd
0.1 . m/s Local air speed control
Humidity
50 s % Relative humidity -
Metabolic rate
1.1 ~ met Typing: 1.1 - —
S
. 2
Clothing level -
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o
Z
2 Create custom ensemble =
h=!
2 Dynamic predictive clothing g
I
Pl LEED documentation
Globe Specify Sl Local ?
temp Solarcal pressure 1P discomfort Help
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Dry-bulb Temperature [°C]

Hoyt & Schiavon et al CBE Thermal Comfort Tool for ASHRAE-55 comfort.cbe.berkeley.edu




New standards: ASHRAE Standard 216

ANSI/ASHRAE Standard 216P

Methods of Test for Determining Application
Data of Overhead Circulator Fans

SPC 216

Working Draft 01

© 12/18/2017 ASHRAE
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Commonwealth Club, San Francisco, CA



AWn
o
[
S
Q
(V]
<
Q
=
o
Q
O
B
=
[a)]

. = |
|
I MJ




Rocky Mountain Institute, Basalt, CO
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Bosch, Singapore



Ceiling fan control

Control algorithm
for increased user comfort

.
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Save money and increase comfort at home in Singapore

It's not cool to let the air-con run for a long time. Beat the heat with a fan instead of an air-con.
Switch to a fan after a short while and save about $340 a year. Save around $400 a year!

Energy
used by

1 air:con
11 fans

https://www.e2singapore.gov.sg/households/saving-energy-at-home
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Dyson fans



Future research needs

 Should we use ceiling or desk fans!?

* How to coordinate and control fans!?

* How can we mitigate the lack of homogeneity generated by ceiling fans!?
» Can we have air movement without visible rotating blades!?

e How much can we reduce ductwork and number of diffusers?

We do not have
» Simplified model to predict air distribution without the need of CFD
* Lab to test and certify fans performance

* Design guidelines
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\ Academy ZEB+ building renovation




Thank you
schiavon@berkeley.edu
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David and M
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How satisfied are you with the temperature of your workspace!?

Bl Very satisfiec

B Satisfied
. Slightly satisf
Neutral
. Slightly dissa
W Dissatisfied
B Very dissatisf

~20%

Karmann, Schiavon, Arens 2018 Windsor Conference



Thermal pleasure

Very

Pleasant ° [ ® Neutral

B Hyperthermic (warm body)

Pleasant : j .\l\. \‘ Hymth.mii Tdy/,A
| >‘A74-"\.
T AN
Unpleasant 3 | q/.; p -\.\.

L/ ~

| Very 1 1 i 1 1 i L L | |
Jnpieasant 21 24 27 30 33 36 30 42 45

A

Neutral

\

AN

stimulus temperature (°C)

Source: Thomas Parkinson - Modified after Mower, 1976



George Washington’s Fan Chair, Mt Vernon, VA, circa 1790,



CBE Indoor Environmental Quality survey

1
~ satisfied are you with your ability to adjust your furniture to [D i
et your needs?

y Satisfied g )OO OO0 B % Very Dissatisfied — 0.89
-0.16
—
H Overall building i ighting 2 .0.49
.. . J 039
) Overall workplace s Dffice furnishings
e S  os
.‘ ) : , 1
Acoustic quality i dffice layout & 0.62
0.98
7~ Airquality @ "hermal Comfort
& 059

/ Cleanliness & maintenance

cbe.berkeley.edu/survey Leader: Lindsay Graham



Heat str
Fans

CBE personal comfort systems - desk fan, foot warmer, heated and cooled chair



lllustration by David Lehrer; © 2015 Regents of the University of Ca



